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Abstract 
Gait recognition is a new biometric identification technology. Its aim is to recognize people and detect physiological, 
pathological and mental characters by their walk style. The feature extraction of gait is the key step in gait recognition. This
paper combines the background subtraction method with symmetric differential method to segment the motion human image, and 
then extracts the contour of motion human with improved GVF (gradient vector flow) Snake model. The experimental results 
show that the proposed method can extract contour features effectively for the gait recognition. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
As a biometric identification technology, gait recognition identifies authentication by extracting human walking 
features [1]. Gait recognition is to analyze image sequences containing human motions primarily. Gait recognition 
mainly consists of three stages: the motion segmentation and classification, feature extraction and description, gait 
recognition [2]. Gait recognition conquers the limitation of other biological features such as Fingerprint recognition, 
Iris recognition, Facial recognition etc, and has been widely researched in recent years. 
Currently, the main methods of motion segmentation include background subtraction method [3], frame 
difference method and approximate motion field method [4]. The frame difference method is the most commonly 
used method, which is fast but sensitive to noise. Some researches have been done and have received good 
segmentation results through combining the background subtraction method and the frame difference method [5, 6]. 
The feature extraction methods of gait recognition include ellipse model method [7] and graph model method [8] etc. 
The ellipse model method expresses different parts of binary image of human profile using ellipses. The graph 
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model expresses different parts of human body using curves, and it tracks the angle-swing of every part of human 
body in the image sequence and takes the angles as the feature for gait recognition. 
Feature extraction and description is the key steps for gait recognition. How to extract the motion contour 
effectively is most important in gait recognition, and it is the main point of this paper. This paper combines the 
background subtraction method with symmetric differential method to segment the motion human image, and then 
extracts the contour of motion human with improved GVF Snake model. The experimental results show that the 
proposed method can extract contour features effectively for the gait recognition. 
2. Active Contour Model 
Active contour model (snakes) was first introduced in 1987 [9], since then, it has been improved by many 
researchers. Snake models can move under the influence of internal forces within the curve itself and external forces 
derived from the image. The internal and external forces are defined so that the snake will conform to an abject 
boundary or other desired features within an image. Snake is parametric active contour model through curve and 
surface deformation. There are two key difficulties in Snake models, the first is the location of the initial contour 
setting, and the second is the bad convergence effect to concave boundary regions of image. On this basis of Snake 
models, there are many improved models, such as Balloon model, Ziploc Snake model, T-Snake, GVF Snake [10] 
and so on. 
Snake models minimize the energy functional to restrain the contour of target object. A traditional snake is a 
curve ( ) ( ( ), ( ))X s x s y s= [0,1]s ∈ , and its minimizing energy function is as follows, 
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where andα β  are parameters which control the snake’s tension and rigidity respectively. The first term is the 
internal force, which controls the curve changes, while the second term Eext is the external force, which pulls the 
curve to desired features. Different Eext can be constructed in different models. 
To analyze the movement of snake model curve from the aspect of force balance, the minimized E of a snake 
must satisfy the Euler equation: 
'' ''''( ) ( ) 0extX S X S Eα β− − ∇ =
S
xt
. (2)
To add additional flexibility to the snake model, it is possible to start from the force balance equation 
directly, , where and .
1
int 0extF F+ =
'' ''''
int ( ) ( )F X S Xα β= − 1ext extF E= −∇
As the Snake contour is dynamic, the X(s) can be viewed as the function of t and s, then, 
'' ''''( , ) ( ) ( )t eX s t X S X S Eα β= − − ∇ (3) 
Once getting solution of the equation (3), we will find a solution of equation (2). 
3. Improved GVF Snake Model 
Snake model is sensitive to the initial position. An initial contour should be as close as to the real contour; 
otherwise the result is often unsatisfied. Continuous image information is often used to obtain the initial contour of 
an image when Snake model is used in the image sequences. But sometimes the initial contour is not close to the 
true profile. 
Because of some problems in snake model, the numbers of improved approaches have been proposed. In [10], the 
GVF (gradient vector flow) field replaces the potential force field in equation (3). Defining a new snake, GVF Snake, 
is computed as a diffusion of the gradient vectors of a gray-level or binary edge map derived from the image. GVF 
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Snake has the better performance than snake in many fields. GVF Snake expands the capture region of the curve, 
and can force the curve into the concave regions. 
Assuming ( , )f x y  is the contour image of a grayscale image ( , )I x y , and then f∇ is the vector field. If f∇ is
iterative diffused to the edge of image, it will form a gradient vector flow field (GVF), 
. Then the minimize the energy function of contour is as follows, ( , ) ( , ))V x y x y= ( ( , ),u x y v
2 2 2 2 2 2( ) | | |x y x yu u v v f V f dxdyε μ= + + + + ∇ −∇ |³³ . (4)
The parameter μ  is the control parameters, which is set according to the image noise. The parameter μ  provides 
the tradeoff between the first part and the second part of the energy function. When f∇ is small, the curve is away 
from the target edge, the partial derivatives dominate the energy function. When f∇ is large, the energy is mainly 
depends on the second term of the integrand. Energy minimization is achieved by iterative approximation to the 
target edge, and the following Euler equations must be satisfied: 
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where is the Laplacian operator. 
2∇ 2x yf f+  is the maximum in edge regions, and is zero in homogeneous 
regions. So this can be controlled edge gradient only in the boundary, and it will avoid the effect of the diffusion 
weaken. Equation (5) can be solved by view u and v as the function of time t, then, 
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Let  replaces ∇  and  of GVF Snake in (5). It is an improved GVF Snake model 
[10,11]. That is, a nonlinear diffusion function is added between the divergence operator and the gradient operator to 
control the diffusion. 
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where U is the edge gradient image, K is the gradient sensitivity parameter. In the same size gradient regions, the 
smaller K represents the slow diffusion, otherwise the strong diffusion. In particular, the performance of the method 
is superior to GVF Snake in narrow concave boundary specially. 
Then the new anisotropic diffusion model can be build, the Euler equation is as follows, 
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4. Contour Extraction Based on Improved GVF Snake Model 
The background subtraction method is a common method used in moving target detection when the background 
is stationary. Through subtracting the prior received or real-time received background image from the current image, 
we can get the different image, and then we can get the moving target region by binary processing the different 
image with selected threshold. The background subtraction method is easy to operate and can provide entire feature 
information, but its detection ability for target is not good, and it is sensitive to the noise from the illumination etc, 
so it needs to add the background update mechanism. 
The frame difference method makes difference or subtraction to the consecutive frames in an image sequence, 
and it detects the moving objects in images using the strong correlation of consecutive frames. The frame difference 
method computes simply and has good adaptability to dynamic environment, but it can’t extract all the related points 
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of the moving objects and is easy to form a cavity inside of targets. It also requires the background is still or non-
changed. 
According to the features of the two methods, we combine background subtraction method with frame difference 
method to divide the motion human and then extract the contour of motion human with improved GVF Snake 
models. The algorithm process is as follow: 
The contour of motion human is extracted from the background. We choose three consecutive frames in the 
motion image sequence, and calculating the absolute grey difference of the each two consecutive frames and getting 
the binary images according to a suitable threshold value. Then after pixel AND operation of the two images, we 
can get the binary symmetric difference image F1. We can also get the foreground image F2 by the background 
subtraction method. After ORED operation of F1 and F2, we can get the rough contour of motion human F3. 
5. Experimental Results 
This section shows several experimental results achieved using MATLAB 2009. Images are from the database of 
the Biometrics and Security Research Center [12]. 
Using the proposed algorithm, the rough contour is extracted from the background. Then the improved GVF 
Snake model is used to extract the body contour of motion human. We compute the GVF field, where μ =0.1 and 
iteration number is 80 times. The experimental results show that the GVF Snake model can extract the body contour 
accurately.
Figure 1 shows the head force field. The characteristics of GVF Snake model can be fond according to the 
balance perspective of force field. GVF force field not only keeps the diffusivity and the smoothness of Laplacian 
force field, but also maintains the characteristics that the gradient force field locates in the real contours and points 
to the real contours. 
Fig.1 The force field of head 
In Figure 1, we can see that the gradient force field locates in the real contours and points to the real contours in 
the direct neighborhood of the real contour. The GVF force field smoothly spreads and points to the real contour in 
the homogeneous regions of image. In the GVF, the center is the neighborhood of real contour, and the force field 
smoothly diamond diffuses out according to the number of iterations. The direction of diffusion is same as the 
gradient force field center and the diffusion area is proportional to the number of iterations. 
Figures 2a and Figures 2b are the rough contour segmented from the background in a continuous images, and the 
extracted body contour using the improved GVF Snake model ( μ = 0.1, the number of iterations is 80 times). 
Experimental results show that using GVF Snake model can not detect accurately the crotch position of body. 
While the improved anisotropic GVF Snake model can produce better Concavities fitting effect. 
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(a)                                                                     (b) 
Fig.2 (a) The rough contour segmented from the background. (b) The extracted body contour using the 
improved GVF Snake model. 
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